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In condensed matter systems, higher temper-
ature typically disfavors ordered phases leading
to an upper critical temperature for magnetism,
superconductivity, and other phenomena. A no-
table exception is the Pomeranchuk effect in 3He,
in which the liquid ground state freezes upon
increasing the temperature[1]. The anomalous
transition arises due to the large spin entropy
of the paramagnetic solid phase, which can over-
come the ground state energy difference at finite
temperature. Here we show that a similar mecha-
nism describes the finite temperature dynamics of
spin- and valley- isospins in magic-angle twisted
bilayer graphene[2, 3]. In the vicinity of one hole
per superlattice unit cell, quantum oscillations
show the ground state to be an isospin unpolar-
ized Fermi liquid. Tilted field magnetotransport
measurements show that increasing the Zeeman
energy, EZ , drives a transition from the Fermi
liquid to a spin- and valley- polarized isospin fer-
romagnetic state. The same transition can be
actuated by raising the temperature. Remark-
ably, the temperature required to drive the tran-
sition at EZ = 0 is comparable to EZ required
to drive the transition at low temperature, im-
plying an entropy change per moire´ unit cell of
order 1kB. In this picture, the finite temperature
phase, while not characterized by long-range fer-
romagnetic order, is distinguished from the low-
temperature Fermi liquid by the presence of large
local isospin moments that fluctuate on the scale
of the moire´ lattice spacing. Our findings sug-
gest that the isospin stiffness in the ferromagnetic
phases of twisted bilayer graphene is exception-
ally small[4, 5], with implications for the nature
of finite temperature transport[6–8] as well as the
mechanisms underlying isospin ordering and su-
perconductivity in twisted bilayer graphene and
related systems.
The best studied example of moire´ flat band
systems[3], magic-angle twisted bilayer graphene[9]
is known to host a wide array of low-temperature
phases[10–17]. Some among these, notably correlated
insulators[10, 12, 14] and orbital Chern ferromagnets[13,
14, 18, 19], are known unambiguously to arise from
the effects of the Coulomb interaction. However, the
origin of other phenomena is less clear, particularly
superconductivity[11, 12, 14–17] and the large scattering
observed in the metallic finite temperature state[6, 7].
The prevalence of Coulomb-driven phases is suggestive
of a unified origin for all of the phenomenology. In
this picture both superconductivity and the finite tem-
perature resistivity would arise from the interaction of
charge carriers with collective modes of the spin and val-
ley isospin. However, theoretical efforts based on more
conventional phononic mechanisms have been successful
at capturing the basic parameters both existing experi-
mental phenomenology of both the superconducting[20–
23] and high-temperature metallic states[24]. In this Let-
ter, we report on the discovery of an entropically driven
phase transition between an isospin unpolarized Fermi
liquid at low temperature and a state characterized by
large, strongly fluctuating local magnetic moments at
high temperature. Whereas no such phenomenology is
expected from electron-phonon interaction alone, our re-
sults imply the existence of low-energy collective modes
of electronic origin that couple strongly to the charge
carriers. Such modes likely play a crucial role in deter-
mining the low-temperature phase diagram as well as the
finite-temperature transport properties.
We focus our study between 0 and 2 holes per superlat-
tice cell in a high quality twisted bilayer graphene device
fabricated with inter-layer twist angle θ ≈ 1.12◦. Figure
1a shows the magnetoresistance measured at sub-kelvin
temperatures, plotted as a function of the nominal elec-
tron filling ν0 of the superlattice unit cell. We determine
ν0 from the geometric capacitance, measured from the
Hall density near charge neutrality, and the positions of
the most prominent resistivity features at B = 0 T which
we associate with actual filling factors ν = −2,+2, and
+3. When a small magnetic field is applied perpendic-
ular to the sample plane, distinct sets of quantum os-
cillations are observed intercepting the B⊥ = 0 T axis
at ν0 = −3,−2, and 0 and showing one-fold, two-fold,
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FIG. 1. Zeeman stabilized isospin ferromagnetism. a, Longitudinal resistivity ρxx as a function of nominal filling factor
ν0 and out-of-plane magnetic field B⊥ (top, acquired at T = 400 mK) and in-plane magnetic field B‖ (bottom, acquired at
nominal temperature of T = 20 mK). b, ρxx as a function of ν0 at B‖ = 0, 3, 6, 9, 12 T. c, ρxx as a function of ν0 and
total magnetic field Btot oriented at an angle with respect to the plane θB of 4.1
◦, d 9.6◦ and e 20.5◦. The right axis denotes
corresponding B⊥ for each configuration. f, Hall density νH and g subtracted Hall density νH − ν0 expressed in electrons per
superlattice unit cell, and measured with Btot = 0.5, 3, 6, 9, 12 T and fixed B⊥ = 0.5 T. h, νH − ν0 as a function of Btot and
ν0 with θB = 20.5
◦, measured at nominal T = 20 mK. Blue and pink circles correspond to the positions of peaks of ρxx and the
points of maximum descent in νH − ν0 (see Fig. S3), respectively, and denote phase boundaries between symmetry breaking
isospin ferromagnets (IF1, IF2, and IF3) and an isospin unpolarized state (IU).
and four-fold degeneracy, respectively, at B⊥ of 1-2 T.
This is consistent with ferromagnetic interactions favor-
ing ground states polarized into one isospin flavor for
−4 < ν0 < −3 or two flavors for −3 < ν0 < −2[25].
Notably, no comparable ‘fan’ is observed at low B⊥ in-
tercepting at ν0 = −1, and the quantum oscillations orig-
inating from the charge neutrality point maintain appar-
ent fourfold degeneracy for −2 < ν0 < 0 suggesting un-
broken flavor symmetry in that regime.
Application of a sufficiently large magnetic field intro-
duces new features, as shown in Fig.1a-b. In particular,
for in-plane magnetic field B‖ & 3 T, an additional resis-
tance peak develops for −2 < ν0 . −1. Simultaneously,
the resistance peak at ν0 = −2 de-pins from this filling
and decreases in magnitude as it moves to larger abso-
lute ν0. The behavior of the resistivity peak is roughly
independent of the direction of the magnetic field orien-
tation, showing nearly identical trajectories for in-plane
or partially out-of-plane magnetic fields (Figs.1c-e and
S1). Tilted field data also reveal that the resistivity peak
separates discrete domains of quantum oscillations. For
ν0 > νpk (where νpk denotes the filling at the peak) the
oscillation minima remain qualitatively unchanged, ex-
trapolating to ν0 = 0, while for ν0 < νpk new quantum
oscillations emerge that extrapolate to ν0 = −1 at B = 0
T.
We interpret the resistivity peak as the signature of
a Zeeman-driven transition from an isospin unpolarized
(IU) paramagnetic state at low B to a spin- and valley-
polarized isospin ferromagnetic (IF3) state at high B in
which electrons are polarized into three of four isospin fla-
vors. This hypothesis is consistent with the observation
of a strong Chern insulator state (with Chern number
C = −3) in this regime, visible at the top of Fig 1e. This
Chern insulator has been interpreted as full polarization
into three valley-projected C = −1 Hofstadter subbands
in recent literature[26–28], suggesting that the surround-
ing areas of the ν − B parameter space are similarly in
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FIG. 2. Thermally driven transition. a, ρxx as a function of T and ν0 at Btot = 0 T. Blue circles correspond to ρxx peak
positions. b, ρxx traces at T = 1, 5, 10, 20 and 40 K and Btot = 0 T. c, νH − ν0 as a function of T and ν0 at B⊥ = 0.5 T.
Pink circles correspond to the point of maximum descent in νH − ν0 for each temperature (see Fig. S3). d, νH − ν0 traces at
T = 0.5, 2.5, 4.5, 8.0 and 20 K and B⊥ = 0.5 T. e, ρxx as a function of ν0 and Btot oriented at an angle of 9.1◦ relative to the
plane, measured at 5, 10 and 15 K. Blue circles correspond to ρxx peak positions. f, ρxx peak positions (empty triangles) and
points of maximum descent in νH − ν0 (filled triangles) plotted in the ν0 −Btot plane for 5, 10, 15 and 20 K.
the IF3 phase. B-induced nucleation of a distinct sym-
metry broken state is further supported by the behavior
of νH = Au.c.nH, shown in Fig. 1f (see also Fig. S2 for
data at other tilt angles), defined as the Hall density (nH)
expressed in units of the superlattice unit cell area Au.c..
As shown in Fig. 1f, in the absence of a large applied B,
the νH is approximately linear from ν0 = 0 to −2 before
undergoing a resetting to νH ≈ 0 at ν0 = −2 and again
at ν0 = −3. Under large applied B, νH develops an addi-
tional reset near ν0 = −1. To render this transition more
clearly, Fig. 1g shows the Hall density after subtraction
of a linear background. Resets in νH appear as discrete
steps between quantized values of νH − ν0 correspond-
ing to the number of flavors lost to symmetry breaking
relative to the state around charge neutrality.
In purely out of plane B, the isospin symmetry break-
ing transition we describe here is driven by a combina-
tion of the Zeeman effect and a Stoner-type mechanism
due to the internal structure of Hofstadter bands[26];
experimentally, it appears to be first order, showing
discontinuous jumps in transport coefficients and hys-
teretic behavior[14]. This behavior is observed near the
C = −3 Chern insulator, while along the rest of the phase
transition line the transport coefficients evolve rapidly
but smoothly. Nevertheless, we interpret the data in
terms of a first-order transition between the IU and IF3
phases, which may be broadened by mesoscale phase
separation driven by disorder or long-range Coulomb
interactions[29]. Experimentally, the absence of clear
first order signatures complicates precise identification
of the phase boundary. To address this, we empirically
define the phase boundaries as the position of the peak
in ρxx, and separately as the point of maximum descent
in νH − ν0 (see Fig. S3). These are plotted in Fig. 1h,
overlaid on a color map of νH − ν0. Using either defini-
tion produces a similar phase diagram, with four distinct
phases appearing between −4 < ν0 < 0, including an IF2
phase polarized into two flavors for −3 . ν0 . 2 and
a fully isospin polarized IF1 phase for −4 . ν0 < 3 in
addition to the IF3 and IU phases already described.
Remarkably, a transition very similar to that observed
as a function of Btot can be actuated purely by chang-
ing the temperature. Figure 2a-d shows data for ρxx and
νH − ν0 measured in the low-B limit up to temperatures
of several tens of Kelvin. At T = 10 K, for example,
ρxx develops a new resistivity peak between ν0 = −1 and
ν0 = −2 accompanied by a new kink in νH − ν0. Ap-
plying the same analysis as for the B-dependent data,
we find phase boundaries that behave similarly to those
observed as a function of B. Specifically, the high tem-
perature extensions of the IU and IF2 phases are disfa-
vored by increased temperature as compared to a new
phase which we tentatively identify with the high tem-
perature extension of the IF3 phase. To confirm this
correspondence, we perform variable temperature mea-
surements of ρxx, shown in Fig. 2e for T = 5, 10, and 15
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FIG. 3. Isospin Pomeranchuk effect and entropy
change. a, Sketch of the free energy of the IU and IF3 phases
as a function of T . T ∗ corresponds to the phase transition
temperature where the free energy of IU equals to that of
IF3, while ∆E denotes the ground state energy difference. b,
Sketch of the entropy of the IU and IF3 phases as a function
of T . ∆S denotes the difference in entropy between the two
phases at the phase transition point. c, Phase boundaries for
Zeeman-tuned transition (E∗Z/kB , circles) and temperature
tuned transition (T ∗, squares). Boundaries are shown as ex-
tracted both from ρxx peaks (blue symbols) and from points
of maximum descent in νH − ν0 (pink symbols). d, Entropy
change per superlattice unit cell across the transition, ∆s/kB
(see Eq. (2)) as a function of ν0. Pink and blue curves are
based on the data in panel c.
K. At the higher temperatures, the resistivity peak sep-
arating the high temperature extensions of the IU phase
from the new phase is visible at Btot = 0 T, and is ob-
served to move towards neutrality as a function of Btot
(see also Fig. S4)—precisely the expected behavior if
the new phase features either a new spin polarization or
large magnetic susceptibility, as would be expected from
the high temperature extension of the IF3 phase.
Our experiments are carried in a statistical ensemble
in which the temperature T and the gate voltage vg are
fixed. We parametrize vg by the equivalent filling factor
ν0 =
1
ecgvg, where cg is the geometric capacitance of the
device per moire´ unit cell. Thermodynamically, a first-
order phase transition occurs when the Landau grand
potentials of the two neighboring phases per unit cell are
the same (see Methods):
∆Ω(ν0, T ) = ∆e˜(ν0, T )− T∆s(T, ν0) = 0. (1)
Here, ∆e˜ = ∆e−evg∆ν where ∆e and ∆ν are the differ-
ences in the internal energy per unit cell and the filling
factor between the two phases, and ∆s is the difference
in entropy per unit cell. As the temperature increases,
high entropy states are favored. This tends to stabilize
disordered states in which inter-particle correlations play
only a minor role. The most well-known exception is
the Pomeranchuk effect in 3He [1]. Here, a Fermi liquid
ground state solidifies at finite temperature due to the
anomalously high entropy of the nuclear spins in the solid
phase. These are very nearly decoupled and so contribute
s = kB ln 2 per particle even at low temperatures where
the Fermi liquid entropy, s ∝ T , is negligible. Electronic
analogs of this effect have been proposed[30] for low den-
sity two dimensional electron systems, at the transition
from a Fermi liquid to a Wigner crystal phase.
We propose that a similar mechanism underlies the ob-
served behavior in twisted bilayer graphene for −1.5 .
ν0 . −1. In this scenario, the IU Fermi liquid state has
lower ground state energy than the IF3 phase, but the
fluctuating moments of the IF3 state endow it with a
large entropy at elevated temperature. The transition is
thus between a Fermi liquid for T < T ∗ and the fluctuat-
ing remnants of the IF3 phase for T > T
∗ (see Fig. 3a).
The characteristic temperature scale at which these mo-
ments begin to fluctuate strongly, giving rise to a large
entropy, is given by the isospin stiffness, which we denote
ρs. This scale describes the bandwidth of the collective
excitations of the spin, valley, and carbon sublattice de-
grees of freedom [31] (see Fig. 3b), and has been cal-
culated numerically to be ρs ≈ 1 meV[4, 5]. Combined
with the expectation that ground state energies differ by
similar energy scales, an entropically driven transition in
the few Kelvin regime is highly plausible.
In this picture, at high temperatures, the IF3 phases
is distinguished from the IU phase not by long range or-
der but rather by the formation of local isospin moments,
correlated only on length scales comparable to the moire´
wavelength. In the low temperature IF3 phase, these mo-
ments order, but at high temperatures they disorder with
correlation lengths approaching a single unit cell spacing.
General considerations suggest that for high tempera-
tures the entropy will reflect the number of degrees of
freedom N of these moments, so that s/kB → lnN ∼ 1.
Our experimental data mapping of the phase bound-
aries in the ν0−B and ν0−T planes allows us to estimate
the entropy difference at the phase transition directly.
From Eq. (1), it follows (see Methods) that the change
in entropy for a given ν0 across the phase transition is
given by
∆s =
E∗Z(ν0)
T ∗(ν0)
4 + ν0
3
(2)
where T ∗ is the temperature of the phase boundary for
vanishing magnetic field, and E∗Z = gµBB
∗ is the Zeeman
energy at the phase boundary for vanishing temperature
5(we assume that g = 2). Fig. 3c shows these two quan-
tities extracted from the experimental measurements of
ρxx and νH − ν0 over a range of ν0, and their ratio is
plotted in Fig. 3d. Though the estimates differ quanti-
tatively, both produce an entropy difference of order kB
per superlattice unit cell over a wide range of densities.
We have focused our discussion on the density regime
of −2 < ν < −1 where a Pomeranchuk effect driven tran-
sition is observed. However, this range is particular only
in that the ground state is unpolarized, leading to a finite
temperature transition. The pseudospin stiffness itself is
not expected to vary strongly as a function of ν. It follows
from our observations that soft neutral excitations of the
electron system are likely play a key role in the physics
of flat band moire´ systems. First, thermal disordering
of the internal degrees of freedom is expected to scat-
ter electrons strongly once the temperature exceeds the
stiffness ρs. We speculate that the ‘superconducting-like’
transition observed in many moire´ systems, in which the
resistivity rises rapidly at temperatures of a few Kelvin,
may instead result from strong scattering due to thermal
fluctuations of the isospin degrees of freedom. Some por-
tion, if not the majority, of the large high-temperature
resistivity in flat band moire´ systems likely arises from
such scattering. This appears consistent with the ex-
perimentally observed ubiquity of both ferromagnetism
across the flat band[25, 32] and large resistivity at inter-
mediate temperatures[6, 7]. Notably, in this picture the
detailed behavior of the high temperature resistivity is
expected to depend on the details of the collective exci-
tations and their coupling to the itinerant electrons. The
precise temperature dependence of the resistivity is there-
fore not expected to be universal, consistent with experi-
mental observation of strong ν0-dependence of ρ(T ) (see
Fig. S5). Finally, the small stiffness implied by our mea-
surements has important consequences for superconduc-
tivity. In particular, ρs may serve as an upper bound
on Tc in regions of the phase diagram where isospin or-
der is observed, either since the isospin fluctuations act
as pair breakers, or because the pairing mechanism itself
requires isospin order. For example, isospin ordering is
a prerequisite for the existence of skyrmion textures re-
cently proposed to play a role in the superconductivity
observed in tBLG[5].
Methods
Device fabrication and transport measurements
The tBLG device used in this study were fabricated using a “cut-and-stack” technique described in Ref. 15, and
indeed the device is the same as device #5 in that manuscript and the device studied in Ref. 26. Prior to stacking,
we first cut graphene into two pieces using AFM to prevent the unintentional strain in tearing graphene. We used a
poly(bisphenol A carbonate) (PC)/polydimethylsiloxane (PDMS) stamp mounted on a glass slide to pick up a 40-nm-
thick hBN flake at 90−110◦C, and carefully pick up the 1st half of a pre-cut graphene piece, rotate the sample stage
and pick up the 2nd half of the graphene at 25 ◦C using the hBN flake. We rotated the graphene pieces manually
by a twist angle of about 1.2◦−1.3◦ before the second pickup. Finally, the 3-layer stack (hBN-tBLG) is transferred
onto another stack (hBN-graphite) containing the bottom gate and gate dielectric, which is prepared in advance by
the same dry transfer process and cleaned by the typical solvent wash using chloroform, acetone, methanol and IPA
followed by vacuum annealing (400◦C for 8 hours) to remove the residue of PC film on the hBN surface. Electrical
connections to the tBLG were made by CHF3/O3 etching and deposition of the Cr/Pd/Au (2/15/180 nm) metal
edge-contacts[33].
Transport data in Figures 1a (top) and 2a-b were acquired in a top-loading cryogen-free dilution refrigerator with
a nominal base temperature of 10 mK, using a probe with heavy RF filtering at an excitation current of 2 nA at
a frequency of 17.777 Hz. Data in Figures 1a (bottom), 1b-h, S1, S2, and S3a-c were acquired in a different probe
without filtering. Data in Figures 2e-f, S4, and S5 were acquired using a wet, sample-in-vapor variable temperature
system without filtering at an excitation current of 10 nA at a frequency of 278 Hz. Data in Figures 2c-d and S3d-f
below 4.5K was acquired in the unfiltered dilution refrigerator probe while data above 4.5K was acquired in the wet
variable temperature system.
We measure the geometric capacitance from the Hall density near the charge neutrality point to be be cg = 58.2±0.3
nF/cm2. Separate measurements using quantum oscillations give comparable results, cg = 58.5 ± 0.1 nF/cm2. The
twist angle θ is determined from the values of charge carrier density at which the insulating states at nν0=±2 are
observed, following nν0=±2 = ±4θ2/
√
3a2 , where a= 0.246 nm is the lattice constant of graphene. From these
measurements, ν0 = Au.ccg/e(vg−v0g) where v0g is the gate voltage corresponding to charge neutrality and Au.c.cg/e =
0.5026 V−1.
Thermodynamic model
6To describe the phase transition between the IU to the IF3 phases, we write their free energy per moire´ unit cell as:
fi(ν, T ) = ei +
1
2
(
1
κi
+
e2
cg
)
ν2 + µiν − 1
2
γiT
2 − siT, (3)
where i = 1, 2 corresponds to the IU and IF3 phases, respectively, ei is an offset energy, cg is the geometric capacitance
to the gate per moire´ unit cell, µi is an offset chemical potential, γi is the specific heat coefficient (both phases are
assumed to be metallic, despite the fact that the IF3 phase has large, fluctuating magnetic moments), and κi is the
compressibility (or quantum capacitance). si is a temperature-independent contribution of the entropy. The IU phase
is a Fermi liquid whose entropy is proportional to temperature, hence s1 = 0. In the IF3 phase, the fluctuating
moments give a contribution s2 > 0 to the entropy at temperatures exceeding spin stiffness.
Since the experiment is carried out at a constant gate voltage, the phase transition (assumed to be of first order in
the absence of disorder) occurs when the Landau grand potential Ωi(vg, T ) = fi(ν, T ) − evgν of the two phases are
equal. We minimize the grand potentials of each phase with respect to ν, and express the grand potentials in terms
of the reference filling factor ν0 ≡ 1ecgvg. The transition line in the (ν0, T ) plane is then given by the condition:
Ω2 − Ω1 = ∆e˜(ν0)− 1
2
∆γT 2 − T∆s = 0, (4)
where ∆e˜(ν0) ≈ e2 − e1 − 12
(
1
κ2
− 1κ1
)
ν20 + (µ2 − µ1)ν0, ∆γ = γ2 − γ1, and ∆s = s2 − s1. Here, we have used the
fact that in our setup e
2
cg
 1κ1,2 , and neglected terms that are suppressed by factors of
cg
e2κ1,2
. At sufficiently low
temperature compared to the bandwidth (estimated to be of the order of 200 − 300K), the quadratic term in T is
much smaller than the linear term, giving a transition at
T ∗ =
∆e˜(ν0)
∆s
. (5)
To determine the entropy ∆s from the experiment, we need an estimate of ∆e(ν0). This can be obtained by
examining the magnetic field needed to trigger the transition from the IU to the IF3 phase at low temperature (below
the spin stiffness in the IF3 phase). We consider an in-plane field, assuming that it acts primarily through the Zeeman
effect. The magnetic field induces an additional term in the grand potentials equal to − ∫ B
0
mi(B
′)dB′, where mi(B)
is the magnetic moment per moire´ unit cell. At sufficiently low temperature, where the excess magnetic entropy s2 of
the IF3 phase is quenched, this phase is spin polarized, and its magnetization is nearly field-independent. To estimate
the magnetic moment in this phase, we assume that one isospin flavor whose spin is antiparallel to the Zeeman field
is completely empty (i.e., this flavor has a filling of one hole away from charge neutrality), whereas the other three
flavors are equally populated [25]. These considerations give a magnetic moment of m2 = 2µB
4+ν0
3 in the IF3 phase.
In contrast, the IU phase has no magnetic moment at B = 0. Since the IU phase is a Fermi liquid, its magnetization
is proportional to the ratio between the Zeeman energy and the bandwidth, and is much smaller than that of the
IF3 phase. We therefore neglect the magnetization of the IU phase, m1 ≈ 0. The field-driven transition at low
temperature occurs when
∆e˜(ν0)− 2µB 4 + ν0
3
B∗ = 0. (6)
Combining Eqs. (5,6) gives Eq. (2) in the main text.
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FIG. S1. Landau fan diagrams for different magnetic field angles at a nominal T = 20 mK. a-g, ρxx as a function
of nominal filling factor ν0 and total magnetic field Btot oriented at an angle with respect to the plane θB of 0.0
◦ (a), 4.1◦ (b),
9.6◦ (c), 14.5◦ (d), 20.5◦ (e), 31.7◦ (f) and 90.0◦ (g).
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FIG. S2. 2D map of νH − ν0 for different magnetic field angles at a nominal T = 20 mK. a-g, νH − ν0 as a function
of Btot and ν0 with θB of 4.1
◦ (a), 9.6◦ (b), 14.5◦ (c), 20.5◦ (d), 31.7◦ (e) and 90.0◦ (f).
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FIG. S3. Comparison of Hall density for Zeeman- and thermally driven transitions. a, νH, b, νH − ν0, and c,
d(νH − ν0)/dν0 as a function of ν0 at Btot = 2, 4.5, 6, 12 T with θB = 20.5◦ at T = 20 mK. d, νH, e, νH − ν0, and f
d(νH−ν0)/dν0 as a function of ν0 at Btot = 0.5 T with θB = 90.0◦ at T = 0.5, 2.5, 4.5, 8 and 20 K. d(νH−ν0)/dν0 is calculated
from νH − ν0 using a 20-point moving average in ν0.
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FIG. S4. High temperature transport in tilted magnetic field. ρxx (top) and d(νH − ν0)/dν0 (bottom) as a function
of ν0 at T = 5 (a), 10 (b), 15 (c) and 20 K (d) at Btot = 3, 6, 9, 12, 15 T oriented at an angle of 9.1
◦ relative to the plane.
d(νH − ν0)/dν0 is calculated from νH − ν0 using a 20-point moving average in ν0.
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FIG. S5. Temperature dependence of ρxx and ρxy. a, ρxx as a function of temperature at various ν0 for ν0 < 0 and b,
ν0 > 0. c, ρxy as a function of temperature at various ν0 < 0 and d ν0 > 0. All curves are offset by 2 kΩ for clarity.
